Sediment core collected from Tanjung Pelepas harbour was analyzed to determine the concentrations of trace metals e.g., Al, Fe, Ti, Pb, Zn, Cu and natural radionuclide 210 Pb. The aim of this study was to predict the origin of trace metals and date the deposition of sediment that occurred at Tanjung Pelepas harbour using the vertical profile of 210 Pb. The estimated sedimentation rate derived from 210 Pb profile was 0.57 cm/year. The entire datasets of trace metals were analyzed statistically using the Pearson correlation coefficient and principal component analysis (PCA) to predict their origins. The results showed that Al, Fe and Ti originated from natural sources while Zn and Cu came mainly from anthropogenic sources. Pb was dominated with both anthropogenic and natural sources. The enrichment factors (EF) were also calculated to estimate the level of contamination. The EF indicated that Tanjung Pelepas harbour is considered to have minor enrichment (EF<3) of Pb, Zn and Cu. Historical variations of Zn and Cu show the highest EF values estimated in late 1990's when the harbour was being developed. The EF values of Zn and Cu increased slightly from the past to the recent years which may correlate to the increased development at the harbour area.
Introduction
Sediments constitute important carriers for trace metals in marine systems. Studies of heavy metal contaminants in undisturbed sediment cores have been proved as a tool to provide records of pollution history [1, 2] . The contamination of coastal environments through human activities has increased over the past years as populations have increased [1] . Thus, the long term data from chemical, physical and biological indicators is needed in order to understand this scenario [3] . The characteristics of trace metals in sediments could provide useful information of contaminants including sources, transformation and migration. Combination of sediment characteristics with the statistical analysis can give more in depth information concerning trace metal origins [4, 5] . The Tanjung Pelepas harbour has stimulated rapid development stretching from the state capital of Johor towards the west along the Johor Straits. Malaysia is exercising its objective of dredging through the Malaysian Government's Vision 2020 with regards to port development at Tanjung Pelepas, Johor. This construction is being made to cater to the compressed capacity issue at Johor Port [6] . High development projects will increase the sedimentation rate and cause major problems relating to the marine environment. To date, there is only preliminary data on surface sediment pollution in the Tanjung Pelepas harbor [7] while studies on subsurface sediments (sediments at depths greater than 5 cm) are very limited. The objectives of this study are to determine the historical trends of trace element inputs and evaluate the metal pollution levels in Tanjung Pelepas harbour.
Materials and method

Collection of sediment and sampling location
The 60 cm long sediment core was obtained from the Tanjung Pelepas harbour, Johor (Fig. 1) . Sample was collected in January 2013. The sampling location (Lat. 01° 20'17.5"N Long. 103°32'46.4"E) was recorded using Geographical Positioning System (GPS). The sediment core was collected using a gravity corer and sediment samples were sliced at every 3 cm interval. 
Analyses of 210 Pb and trace metals
The methods for digestion, separation and determination of 210 Pb were followed from the procedure published by Mahmood et al. [8] . While, the methods for heavy metal analysis were followed from the procedures described by Asamuddin and Mohamed [9] . Activity of 210 Pb was counted by using a gross α/β counter (Canberra Series 5 XLB, USA) 30 days after electrodeposition while the concentrations of Al, Fe, Ti, Pb, Zn and Cu were analyzed using the Inductively Coupled Plasma -Mass Spectrometry (ICP-MS) (Perkin-Elmer Elan 9000, USA). A NIST standard reference materials SRM IAEA-315 and SRM 1646a were used to check the analytical procedures for 210 Pb and trace metals analyses, respectively. The results shows good recovery values, ranging from 62.65% to 107.50%. 210 Pb was used in this study to investigate changes in metal concentrations on a decadal time scale. 210 Pb is widely used for dating recent sediment deposits (less than 100 years) because of their respective half-life of 22.3 years [10, 11] . The sedimentation rate was estimated from the graph of ln 210 Pb xs versus depth (Fig. 2a) . As shown in Fig. 2a , the sedimentation rate at Tanjung Pelepas harbour was estimated 0.57 cm/year. Sediment dating was estimated by assumed constant sedimentation rate along the sediment core. Sediment age can be determined by dividing the sediment depth with the sedimentation rate. As shown in Fig. 2a , we predict that sediments in the upper 60 cm at Tanjung Pelepas harbour were deposited during the past 105 years started from 1907 to 2013.
Results and discussion
Geochronology and sediment dating
Vertical distribution of trace elements
Generally, the concentration of Al, Fe and Ti do not show any major changes with depth ( Fig. 2c, d and e). However, the concentrations of Al and Fe decrease slightly at the 9 cm layer and increases slightly at 28 cm. The decreasing value of Al and Fe at 9 cm was due to increasing porosity at this layer ( Fig. 2b) , while increasing values of Al, Fe and Ti at 28 cm layer was due to decreasing porosity at this layer (Fig. 2b) . Previous studies have shown that concentrations of major elements such as Fe and Al are inversely proportional to the sediment size 3 . Elements such as Al, Fe and Ti are commonly used as proxies to determine changes in sediment input over time [1, 3] . The consistent values of Fe, Al and Ti together with strong significant correlation of Al with Fe (R 2 =0.933, P < 0.01) and Ti (R 2 =0.807, P < 0.01) ( Table 2 ) indicate no major changes of natural elements in this area. Furthermore, almost consistent porosity values indicate no major changes in sediment texture. Previous studies have shown that, the changes of metal inputs in a given system over long periods of time can be examined if there are no major changes in the sediment texture [3, 12] . Thus, we can consider this area was stable and suitable to analyze the additional input of anthropogenic metals such as Pb, Zn and Cu. The concentrations of Pb, Zn and Cu show fluctuating values along the sediment core (Fig. 2f, 2g and 2h). The variability in the Pb, Zn and Cu concentrations with depth might be due to the anthropogenic input. The origin of trace metals will be discussed in the next section.
Anthropogenic vs. natural sediment sources
The sources of trace elements were investigated by using Principal Component Analysis (PCA) and Pearson's correlations coefficient. PCA is a method which has been used in geochemical research in recent years due to its ability to reduce data in large datasets into a smaller number of Principal Components (PCs) that explain from the variance data. PCA can be used to group the elements based on their correlations to each other [4] . In this study, PCA was applied to the entire data set of trace elements. The PCA results are shown in Table 1 . The correlation matrix was used for the analysis. The principal components that have eigenvalues higher than one were extracted. The results indicate that there were three eigenvalues higher than one. The first component explains 56.67% of the total variance and loads heavily on Al, Fe, Ti and Pb. The second component, dominated with Cu and Zn, accounts for 23.89% of the total variance. The third component is loaded by negative loading of Pb, accounting for 10.97% of the total variance. These results indicate Al, Fe, Ti and Pb show similar behaviour and might originate from natural sources. However, Pb also shows some different characteristic from other elements with high negative loading at component 3. This result indicates, Pb might originate from both natural and anthropogenic sources. High positive loading of Zn and Cu at component 2 might suggest both are from similar anthropogenic sources. These suggestions were then supported with Pearson correlation values. .473, P>0.05), which indicates it also originates from another origin. These results support the suggestions from PCA analysis which indicate that Al, Fe and Ti were originate from natural sources, while Pb was originates from both anthropogenic and natural sources. Al shows negative correlation with Cu (R 2 =-0.17), and weak correlation with Zn (R 2 = 0.375). However, significant correlation was noticed between Cu and Zn/Al (R 2 =0.518, P<0.05). These results strengthen the earlier suggestion that Cu and Zn were dominated with anthropogenic sources. 
Estimation of anthropogenic metal enrichment
Estimating "Enrichment Factor" (EF) is based on Al normalized values. Fig. 3 show the EF values for Pb, Zn and Cu in the sediment core of Tanjung Pelepas harbour. EF is defined as the ratio between normalized concentrations of a metal in the sediments divided by the normalized concentrations of the same metal in the background sediments (EF= (Met/Al) sample/ (Met/Al) background) [13] . The background values were determined from the lowest metal concentrations in the sediment core. Values of the EF are characterized as follows: EF < 1 indicates no enrichment; 1 < EF < 3 is minor enrichment; 3 < EF < 5 is moderate enrichment; and 5 < EF > 10 is considerable moderate severe enrichment 1 . The EF values for Pb, Zn and Cu in sediment core of Tanjung Pelepas harbor were < 3 which indicate minor enrichments (Fig. 3) . Based on the geochronology of this core, the highest peak of EF values for Zn and Ni occurs in the late 1990s when the harbor was started to be developed. EF values for Zn and Cu were increased slightly from the past to the recent years ( Fig. 3b and 3c ) which indicate the increasing input of Zn and Cu to the Tanjung Pelepas harbour.
Conclusion
The vertical profiles of trace metal concentrations have been successfully determined in a dated sediment core from Tanjung Pelepas harbour. PCA analysis and Pearson Correlation Coefficient analysis proved to be an efficient tool in classifying the metals based on their origin. Al, Fe and Ti were classified as natural origin while Cu and Zn were classified as anthropogenic origin. Pb was dominated with both natural and anthropogenic sources. Low EF values (<3) of Pb, Zn and Cu indicate no serious contamination at this harbour. However the increasing trend of EF values of Zn and Cu from past to the recent years should be taken into consideration. The results of this research can be used for future environmental monitoring and conservation management at Tanjung Pelepas harbour. 
